Two field experiments were carried out during the two successive seasons
INTRODUCTION
Safflower provides three principle products: oil, meal and birdseed. Safflower oil is used by both food producers and industry. Safflower oil consists of two types with corresponding types of safflower varieties: those high in monounsaturated fatty acid (oleic) and those high in polyunsaturated fatty acid (linoleic).
Soil and water salinity are a wide spread problem in crop production. However, this problem is usually confined to arid and semi-arid regions. Saline conditions cause physical and chemical changes in soil and significantly decrease the soil productivity. The type as well as the concentration of salts affect soil structure and interfere with the nutrition of plant. The anion of salt whether chloride or sulphate is also important. Several investigations concluded that increasing salinity decreased the yield components of safflower such as seed yield, biomass yield (dry weight), number of plant per hectare, 1000-seed weight, plant height, number of capitula per plant and capitula weight per plant, Mohammad et al. (2010) .
Several investigations concluded that increasing salinity decreased the vegetatative growth characteristics and yield of safflower plants. Rumasz et al. (2002) and Muhammad et al. (2007) found that increasing salt concentration from 0 to 150 mm NaCl, significantly decreased dry root and shoot weight, fresh leaf weight and leaf area of Beta vulgaris L.
Biofertilizer is a natural organic fertilizer known that helps to provide all the nutrients required by the plants and helps to supply and increase the soil with natural and beneficial microorganism. Biofertilizers are the most advanced biotechnology necessary to support developing organic agriculture, sustaintable agriculture, green agriculture and safe agriculture. Mixed bacterial inoculation increased growth and yield of different plant species as compared with uninoculation. This was shown by (Rahim and Mirzaei, 2010.) who found that significant increase was observed on yield and yield component of safflower with applying biofertilizers. Also applying Azotobacter and Azospirillum increased seed yield and yield components by 35 and 21% respectively compared with control.
The aim of this study is to evaluate the role of biofertilizers under different levels of irrigation water salinity on the microbial activities. as well as the growth and productivity of safflower at North Sinai, Egypt.
MATERIALS AND METHODS
Determination of nitrogen fixing capacity by Azotobacter spp. And Azospirillum spp. in pure culture: Fixed Nitrogen in cultures media was determined after 7 days from incubation as mentioned by Bremner, (1965) . Briefly, Azotobacter spp. and Azospirillum spp. isolates were grown in 10 ml Ashby medium or Dobereiner medium (without agar) in 20 ml test tube on a rotary shaker (125 rpm) under continuous airflow at 30 o C for 72 hr. Cell concentrations were determined as 10 5 CFU ml -1 of each isolate by plate counts on agar Ashby or Dobereiner medium. The non-inoculated media served as control. Afterwards, the concentration of nitrogen in each liquid culture was measured by digestion and subsequent measurement by the Kjeldahl method (Bremner, 1965) . The quantities of nitrogen reported represent the average of duplicate cultures after deducting the average of duplicate controls.
Two field experiments were carried out on safflower plant (Carthamus tinctorius L) at El-Sheikh Zowayed Research Station, Desert Research Center, North Sinai Governorate, Egypt, during two successive growing seasons (2007/2008 and 2008/2009 ).
Mechanical and chemical analysis of the experimental soil were carried out according to Richards (1954) ; Black (1965) and Jackson (1967) as shown in Table (1). Each experiment included twelve treatments which were the combintation of three salinity levels of irrigation water (2000µgl -1 , 3000µgl -1 ,and 4000 µgl -1 ) and three biofertilizer treatments (Azotobacter chrococcum, Azospirillum lipoferum and their mixture) in addition to controls (without bacterial inoculation). Bacterial culture preparation.
The fresh liquid cultures were prepared from pure local strains of Azotobacter chrococcum and Azospirillum lipoferum which previously isolated in Bunt and Rovira medium and semi solid malate medium from the rhizosphere of safflower plant grown in El Sheikh Zowayed area, respectively. They were purified and identified according to Bergey Manual (1984) . Biofertilizers were added in the form of individual and mixed inoculations at the rate of ~10 8 cfu/ml as soil treatment. Safflower seeds were treated before planting with individual or mixture of bacterial suspensions for three hours before transplanting (carboxy methyl cellulose 0.5% was used as an adhesive agent). Seed without microbial treatment was served as control.
The design of experiment was split plot with three replication, each split included 12 treatments which were the combination between three levels of saline irrigation water (2000, 3000 and 4000 µgl -1 ) and four biofertilizer treatments. The main plots were devoted to saline irrigation water levels, while the sub-plots were occupied by the biofertilizer. The experimental plot area was 10.5 m 2 (3/m x 3.5 m), consisting of 6 ridges, each of 50 cm width and 3.5 m length, 50 cm were between hills and four seeds were sown in each hill. Before sowing, sheep manure (15 m 3 fed.) was mixed with the upper soil. 150 kg calcium super phosphate /fed. (15.5% P 2 O 5 ) were added during seed-bed preparation before sowing and mixed with the surface layer. In addition, 150 kg ammonium sulphate / fed. (20.5% N) and 100 kg potassium sulphate / fed. (48% K 2 O) were applied in two equal portions; after 15 and 21 days from sowing.
Safflower seeds (Giza1variety) were sown on 15 th October in the two growing seasons; the plants were thinned to one plant per hill after fifteen days from sowing. The experiment was irrigated immediately after sowing by water pumped from a well (2000 µgl -1 ). The analysis of irrigation water is given in Table ( 2). Chemical analysis of sheep manure is given in Table ( 3). 
Determinations
Samples of rhizosphere and plants were taken after 35, 70 and 120 days from sowing to determine microbial activities, growth characters, chemical composition and yield and yield components.
A-Microbial determination:-
Total bacterial, Azotobacter chrococcum and Azospirillum lipoferum conts in the rhizosphere samples were counted on Bunt and Rovira medium (Bunt and Rovira, 1955) , nitrogen deficient medium (Abd El Malek and Ishac, 1968) and semi solid malate medium (Dobereiner, 1978) , respectively. Also, CO 2 evolution (μg/g dry soil/ hr.) and dehydrogenase activity (µg TPF g-1 . dry soil 24h.) in the rhizosphere were determined according to Pramer and Schmidt (1964) and Thalmann (1967) , respectively.
B-Growth characters:
Three guarded plants were randomly taken from the three inner ridges of each experimental plot to measure plant height (cm), number of branches/plant, fresh weight / plant (g) and dray weight / plant (g).
C-Yield and its components:
Three inner ridges of each experimental plot were taken to measured number of heads/ plant, head diameter (cm), number of seeds / head, weight of 100 seeds (g), stand % and seed yield (Kg/fed.).
D-Chemical composition:
Chemical composition was determined in seeds after 120 days from sowing date as following. 1-Protein content: total nitrogen percentage was determined by using the modified microkjeldahl method as described by Peach and Tracey (1956) . The protein content was calculated by multiplying the total nitrogen by 6.25 Tripath et al. (1971) .
2-Phosphorus percentage was determined by ascorbic acid according to method reported by Frie et al. (1964) . 3-Oil percentage was determined according to the method described in the official and tentative methods of American Oil Chemists (A.O.C.S. 1964). 4-Oil yield (kg / fed.) was calculated by multiplying seed yield Kg/fed by seed oil percentage. Nitrogen content in soil samples and total nitrogen in shoots of plant were determined at 35, 70 and 120 days from sowing.
Statistical analysis:
All the obtained data were subjected to the proper statistical analysis of variance according to the procedure outlined by Snedecor and Cochran (1989) . Mean values of treatments were differentiated by using L.S.D at 5% level as mentioned by Steel (1960) .
RESULTS AND DISCUSSION

Fixed nitrogen in cultures media
This laboratorial experiment was conducted on microbial strains (i.e., Azotobacter, Azospirillum and mixture of them) to evaluate the direct effect of irrigation water salinity, (i.e., 2000, 3000 and 4000ppm) on the ability of these microbial strains for N-fixation and compare their ability in soil which contain either beneficial or harmful microorganisms in addition to the presence of elements of fertilizers which may have a negative or positive effect on microbial activity.
Figure
(1) showed that the N-fixation under salinity level of 2000 ppm was high for all three treatments (i.e., Azotobacter, Azospirillum and mixture of them). While the N-fixation at 3000 ppm reduced by 35, 33 and 31%, respectively and the rate of reduction at 4000 ppm were 39, 43 and 34%, respectively. This shows that the activity of Azotobacter was higher in Nfixation at the three levels of salinity of irrigation water comparing to the activity of Azospirillum under the same levels that mentioned above. These results agreed with Faid, (2000) and EL-Tayeb (2000) .
Interaction effect of biofertilizers and saline irrigation water on microbial activities in safflower rhizosphere: 1-Total microbial counts:
Data illustrated in Table (4) showed that increased salinity of irrigation water from 2000 mgl -1 to 4000 mgl -1 decreased total microbial counts of safflower rhizosphere at 35, 70 and 120 days from sowing in the two seasons. Co-inoculation with Azotobacter and Azospirillum gave the highest total microbial counts as compared with the others treatments in the two seasons. The positive response of growth as a result of Co-inoculation may be due to the fact that Azotobacter is free-living, nitrogen-fixing bacteria and is known to produce several plant growth promoting subustances. Abd El-Ghany (1996) and Abd El-Gawad (2008), confirmed these results that microbial inoculates improve fertility, increase the number and biological activities of desired microorganisms in root environment.
Data also show that increasing salinity from 2000µgl-1 to 4000µgl -1 caused a significant decrease in total microbial counts after 35, 70 and 120 days from sowing in the two seasons. The interaction between saline irrigation water and biofertilizer was significant at 35 days from sowing in the two seasons. The highest counts of all bacteria under study was after 70 days from sowing under all levels of saline irrigation water.
2-Azotobacter chrococcum densities:
Data in Table ( 4) also showed that the highest count of Azotobacter was at 70 days from sowing in the two successive seasons compared with the other periods. Increasing salinity of irrigation water from 2000µgl -1 to 4000 µgl -1 significantly decreased Azotobacter count at the three periods of plant growth i.e. 35, 70 and 120 days from sowing in the two seasons. The data are agreement with those recorded by (Hashem and Abd El-Ghany, 1992) . The highest count of Azotobacter was obtained from the mixture of Azotobacter and Azospirillum in the two seasons.
3-Azospirilla densities:
Results in Table ( 5) reveal that biofertilizer treatments significantly affected azospirilla densities. The highest value of azospirilla densities was obtained by mixture inoculation with Azotobacter and Azospirillum at all sampling dates in two seasons. These data are in agreement with those recorded by Abd El-Gawad (2008) .
Results in Table ( 
4-CO 2 evolution:
The results shown in the Table (5) indicate that the rate of CO 2 evolution as a criterion for biological activity in the safflower rhizosphere gave the highest levels with mixed treatments of biofertilizer, followed by individual inoculation with A. chroococcum then Azospirllum lipoferum. The development of high biological activity was observed when water salinity ranged between 2000 and 3000µgl -1 while activity decreased at 4000µgl -1 . Data of CO 2 evolution were almost in harmony with those of total microbial counts discussed before. These results agreed with that of El-Sayed (2006) . 
5-Dehydrogenase activity:
Dehydrogenase activity was determined as a criterion of respiration rate and total microbial activity in the safflower plant under different investigated treatments. Data presented in Table (6) showed that inoculated soil with individual or mixed inoculants significantly gave higher values of dehydrogenase activity when compared with uninoculated soil. In addition, mixed inoculation with A. chroococcum and Azospirillum sp. gave a significant higher dehydrogenase activity than the soil inoculated with each one individually. In addition, dehydrogenase activity exhibited its dominant increase at 70 days after sowing during both seasons with different treatments. Data also revealed that the level of salinity of irrigation water used had a major impact in dehydrogenase activity reaching the highest activity at 2000 and 3000 µgl -1 when it went down at 4000 µgl -1
. In addition, dehydrogenase activity in various treatments were higher after 70 days. This may due to the difference in multiplication rate of different soil microorganisms which usually be maximum during flowering stage. Such differences could be attributed to the qualitative and quantitative changes in the nature of root exudates during different growth stages. These results are in harmony with Abd El-Gawad (1998) and Khalifa (2005) . 
Nitrogen content in rhizosphere and shoots of safflower plant
Data presented in Table (7) indicated that biofertilizer treatments significantly increased the content of nitrogen in rhizosphere and in shoots of safflower compared with uninoculated plants. Increasing salinity up to 4000 µgl -1 had a significant decrease of nitrogen percentage in soil and in shoots of the plant either with biofertilizer application or without inoculation. Inoculation with mixture of A. chroococcum and Azospirllum lipoferum under 2000 µgl -1 gave the highest values of nitrogen content in soil and in shoots at all sampling date during the two seasons. This result is compatible with the finding of EL-Tayeb (2000) who found that inoculation with selected halo tolerant Azospirllum strains resulted in considerable increases of growth and yield of wheat plants grown under the saline conditions of Egyptian desert soil.
Interaction between biofertilizers and water irrigation salinity on growth characters of safflower
The results summarized in Tables (8 and 9) revealed that biofertilizer treatments significantly affected on plant height, number of branches per plant, fresh and dry weight / plant after 35, 70 and 120 days from sowing during the two seasons. The highest value of growth characters and survival plant (stand %) were obtained when plant were inoculated with mixture of Azotobacter and Azospirillum. In addition to nitrogen fixation by these bacteria, they are also known to protect plants against pathogenic microorganisims either by discouraging their growth or by destroying them. These inoculants need more attention in view of their triple action of nitrogen fixation, bio-control, and production of plant growth regulators. The positive response of growth to inoculation with Azospirillum and Azotobacter was described by several investigators including Mahmoud et al. (2012) and Paritosh et al. (2013) . . The gradual depression occurred in all the growth characters of safflower plant due to the irrigation with saline water. Thus, as salinity is a condition of excess salts in soil solution, it affects plant by increasing the osmotic pressure of the soil solution. These results are in agreement with those obtained by Ebrahim et al. (2010) , Mostafavi (2011) and Aymen et al. (2012) . They found that increasing salinity in irrigation water decreased growth characters of safflower plant.
Table (7): Effect of interaction between biofertilization and saline irrigation on nitrogen percentage in (soil samples and shoots of plant
The interaction between biofertilizer and irrigation water salinity had a significant effect on growth characters of safflower plants at all sampling dates in the second season (Tables, 8 and 9 ). The highest value of growth characters of safflower plants were recorded when irrigated by 2000 µgl -1 and inoculated with mixed Azotobacter and Azospirillum at all sampling in both seasons, Kaci et al., (2005) reported that, Azospirillum and Azotobacter are known to deliver a number of benefits including plant nutrition, disease resistance, and tolerance to adverse soil and climatic conditions. Their function ranges from stress alleviation to soil bioremediation or as a biological tool for sustainable agriculture.
Interaction between biofertilizers and water irrigation salinity on yield and its components of safflower
The results summarized in Tables (10) show that biofertilizer treatments had positive significant effects on number of heads /plant, head diameter, number of seeds / head, weight of 100 seed, seed yield (Kg/fed) and stand % during the two seasons compared with uninoculated plants.
Mixed inoculations with Azotobacter and Azospirillum gave the highest values of yield and its components and survival plant of safflower as compared with the control treatment. The positive response of yield as a result of inoculation with Azotobacter and Azospirillum may be due to the high ability of these microbes in N 2 -fixation and the secretion of several compounds that increase soil fertility and decomposition of organic materials that increase the plant's ability to grow and increase productivity. Seed yield and yield components of safflower have been significantly affected by the inoculation with Azotobacter and Azospirillum, because these biofertilizers can fix atmospheric nitrogen, increase phosphorus availability in soil and enhanced absorb elements by safflower plant (Mirzakhani et al., 2009 , Mohammad et al. 2010 , Mahmoud et al., 2012 , Omid and Jalilian, 2012 , Raouf, 2012 , Mina et al., 2013 and Paritosh et al., 2013 . The depression effect of salinity on plants may not show water deficit symptoms and metabolize normally under the applied salinity levels, the additional energy requirements for maintaining normal metabolism demand substantial photosynthetic diversions for growth. This leads to a reduction in yield, light interception and light utilization efficiency which attributed to partial stomata closure and simultaneously decrease in Co 2 fixation that ultimately reduce growth and yield (Aymen et al. 2012 , Neeta 2012 and Mostafavi, 2011 .
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Data presented in Table ( 10) show that the interaction between salinity and biofertilizer had a significant effect on head diameter, number of seeds / head, weight of 100 seed. The highest value of yield characters of safflower plant were recorded with irrigated by 2000 µgl -1 and inoculated with coinoculation.
In general it can be said that the use of biofertilizers with safflower plant at all levels of salinity of irrigation water gave positive results as compared to the control. This is due to the high ability of these microbes in N 2 -fixating atmosphere and the secretion of several compounds that increase soil fertility and decomposition of organic materials that increase the plant's ability to grow and increase productivity under those levels of salinity of irrigation water. In addition, Abou-Aly et al. (2012) reported that application of biofertilizers as bio stimulate for pepper grown in saline soil can improve plant defense against saline stress conditions, increase productivity and enhanced plant defense to stress through the decreasing of proline accumulation and increasing of some compounds as an indicator to plant resistance for saline stress.
Interaction effect of biofertilizer and water irrigation salinity on chemical composition of safflower
Results in Table ( 10) revealed that biofertilizer treatments had a significant effect on protein, phosphorus, oil percentage and oil yield at harvest. The highest value of chemical composition was obtained by using dual inoculation with Azotobacter and Azospirillum. These results confirmed by the work of Omid and Jalilian. (2012) , Mina et al. (2013) and Paritosh et al. (2013) .
Results also show that increasing salinity in irrigation water significantly decreased chemical composition of safflower plants. Increasing salinity from 2000 to 4000 µgl -1 decreased protein, phosphorus, oil percentage and oil yield. Such reduction in protein content may be due to failure of plants to make full utilization of nitrogen compounds, the accumulation of nitrogen compounds is more rapid than their utilization in building more cells and organs. These results are in agreement with those obtained by Siddiqee (2010) .
The interaction between salinity and biofertilizer had a significant effect on protein, oil percentage and oil yield of safflower. The highest value of protein, phosphorus, oil percentage and oil yield was obtained by plants irrigated 2000 µgl -1 and inoculated with both biofertilizers.
Conclusion
From the obtained results it can be said that, application of dual inoculation with A. chroococcum and Azospirllum lipoferum. or individually improve plant growth and increase productivity due to the ability of these microbes to do many of the tasks next to its ability to fix high amount of nitrogen, secretion of several hormones and thawed several of soil elements needed by the plant during the period of growth and can tolerate high levels of salinity of irrigation water used. Also, reduced the economically production and the hazard of the doses of mineral fertilizers. 
